Cairn's type replicative intermediates of both the wildtype Clo DF13 plasmid and the copy mutant Clo DF13 cop3 were isolated by dye-buoyant density centrifugation. Replicative intermediates were linearized at the Hpal or Sail cleavage site, and examined with the electron-microscope. The data show that replication of both the Clo DF13 wild type plasmid and the Clo DF13 cop3 plasmid, initiates at about 2.8% on the physical map. Replication proceeds unindirectionally and counterclockwise on this map.
INTRODUCTION
Plasmids can be roughly divided into two groups, namely those with a relaxed replication control, resulting in a high number of plasmid copies per cell and those with a stringent replication control. Plasmids of the latter group are present in about 1-3 copies per cell. In our laboratory we study the replication and genetic constitution of plasmid Clo DF13, which originates from Enterobacter cloacae (1) . This nonconjugative bacteriocinogenic plasmid has a molecular weight of 5.75 megadalton (2) .
With respect to its replication Clo DF13 behaves like other small bacteriocinogenic plasmids, such as Col El. Both plasmid Clo DF13 and Col El, are under relaxed replication control and are maintained at about 10-20 copies per cell; they require an active DNA polymerase I, whereas replication continues in the absence of de novo protein synthesis (2) (3) (4) (5) .
Although a considerable number of reports on plasmid replication have been published in the past few years, still little is known about the control of plasmid replication.
Previously we have isolated conditional and nonconditional mutants of Clo DF13, with an altered replication control (6, 7) . These mutants could be a powerfull tool to elucidate the molecular basis of the control of Clo DF13 replication. Studies on in vitro constructed deletion mutants of Clo DF13 have shown that a small part of the Clo DF13 genome, namely from 1.8 to 11.5% on the Clo DF13 physical map, contains the genetic information required for autonomous replication (8) . Furthermore these experiments indicated that the cop3 mutation, which results in a seven tines increase in the number of Clo DF13 copies per cell (6) , is also located in this part of the Clo DF13 genome (8) . In studies on the regulation of the plasmid replication process it is important to know where mutations resulting in an altered replication control, are located with respect to the location of the origin of replication.
In this study we present evidence that there is no difference between plasmid Clo DF13 cop3 and the wild type Clo DF13 plasmid with regard to the location of the replication origin and the direction of replication. The replication of both plasmids initiates at approximately 2.8% on the Clo DF13 physical map and proceeds unidirectionally.
MATERIALS AND METHODS

Materials
The restriction endonucleases Hpal and Sail were obtained from New England Biolabs. (Methyl-H) thymidine (specific activity 40-60 mCi/mmol) and (2-C) thymine (specific activity 50 mCi/mmol) were obtained from the Radiochemical Centre, Amersham, England. The sources of all other chemicals used, were as described previously (8, 9, 10) .
Bacterial strains and Media
In this study we have used a thy derivative of the Escherichia coli minicell producing strain P678-54 (N3012), with the following markers: thr, ara, leu, azi, tonA, lacY, minA, gal, minB, rpsL, malA, xyl, mtl, thi, supE, strA (11) . Plasmid Clo DF13 and the copy mutant of Clo DF13, Clo DF13 cop3, were introduced in this strain by conjugation. Cells were grown in M9 salts medium (12) , supplemented with 0.2% glucose, 0.4% Casamino acids (Difco), 5 ug/ml thiamine, and 2.5 ug/ml thymine.
Isolation of Clo DF13 replicative intermediates E_. coli P678-54 thy, harbouring Clo DF13 or Clo DF13 cop3 was inoculated in 14 one liter M9 medium, containing 0.5 uCi/ml C thymine, and grown for several 8 generations. At a density of about 2 x 10 cells/ml, the cells were harvested, washed at 25 C and resuspended in 0.5 1 fresh M9 medium without thymine.
After 30 min starvation for thymine at 37°C, the culture was shifted to 25°C and pulse labeled for 40 sec with H thymidine (final cone. 20 uCi/ml). The incorporation was stopped by the addition of NaF (final cone. 0.1 M), and the culture was immediately frozen in a dry ice/ethanol bath. Cells were harvested at 0 C and lysed as described previously (13 
RESULTS
Replicative intermediates of Clo DF13 were isolated by dye-buoyant density centrifugation, as described in materials and methods. As shown in Figure 1 . Isolation of Clo DF13 replicative intermediates by dye-buoyant density centrifugation. 12. coli P678-54 thy harbouring plasmid Clo DF13 was prelabeled with 14 C thymine, and pulse labeled with 3 H thymidine for 40 sec as described in Materials and Methods. Cleared lysates, prepared as described previously (13) , were subjected to CsCl-ethidium bromide equilibrium centrifugation. The gradient was fractionated, and the fractions were assayed for radioactivity (•-•) 14 C cpm x 10~2 (o-o) 3 H cpm x 10~3. Fraction I contains covalently closed circular Clo DF13 DNA, Fraction II contains replicative intermediates of Clo DF13, Fraction III is composed of open circular and linear plasmid DNA as well as chromosomal DNA.
in this fraction of the gradient, contained a symmetrical loop or "eye" of replicated DNA. Clo DF13 plasmid DNA contains single cleavage sites for both the restriction enzymes Hpal and Sail, located at respectively 0% and 66% on the Clo DF13 physical map (see Fig. 3; 8) . To determine the mode of replication of the Clo DF13 plasmid, replicative intermediates were digested with either Sail or Hpal endonuclease and analysed with the electronmicroscope. Fig. 2 shows electronmicrographs of replicating Clo DF13 molecules which were digested with Sail ( Fig. 2a-e) or Hpal (Fig. 2f-k) endonuclease.
These molecules are arranged from top to bottom in the order of an increasing extent of replication. We observed that in all replicating Clo DF13 molecules replicated "arms", which are two by two of equal length. The replicated arms have arbitrarily been designated Rla,. Rib, R2a and R2b (see Fig. 3 ).
In contrast, cleavage of a replicating Clo DF13 molecule with Sail will The '/. Replication unidirectionally and counterclockwise on this map (Fig. 6 ).
Using the same procedure as described above we examined the mode of replication of the copy mutant Clo DF13 cop3. From the analysis of replicative intermediates of Clo DF13 cop3, linearized with Hpal or Sail endonuclease, we found that there is no significant difference between Clo DF13 cop3 and the wild type Clo DF13 plasmid with respect to the origin and direction of replication (results not shown).
DISCUSSION
The electronmicroscopic analysis of Clo DF13 replicative intermediates, In a previous paper we have described the in vitro construction of deletion mutants of Clo DF13, using restriction endonucleases and T ligase (8) . The characterization of the Clo DF13 miniplasmids, revealed that all miniplasmids isolated by this procedure contained the Clo DF13 DNA region from 0 to 11.5%. It was also reported that the smallest miniplasmid, plasmid peV22, which was constructed with Haell endonuclease, only contains the Clo DF13 DNA region from 5 to 11.5% (8) . However, from the analysis of detailed cleavage maps which were constructed of different Clo DF13 miniplasmids, including peV22, we found that plasmid peV22 contains an additional small Clo DF13 Haell fragment which is located from 1.8 -5% on the physical map (Stuitje et al., manuscript in preparation). In view of these observations it is obvious that the origin of Clo DF13 replication (located at 2.8%) is situated on this small Haell fragment. In this respect it is of interest to mention that the replication origin of plasmid Col El, a plasmid that resembles Clo DF13 with respect to its replication (4, 5, 15, 16) , is also located on a small Haell fragment of similar size (17) . We therefore suspect that the replication origins of these plasmids share homology.
The mapping of the replication origin on the Clo DF13 genome and the availability of a detailed cleavage map of the "replication region", enables us to elucidate the base sequence of the replication origin. Furthermore a comparison can be made between the base sequence of the replication region of the wild type plasmid and those of Clo DF13 mutants with an altered replication control. These studies, which are in progress, will give us more insight in the molecular basis of the regulation of plasmid replication.
